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(54) Power semiconductor device

(57) The purpose of the present invention is to pro-
vide a power semiconductor device which has a light
weight, high heat dissipation efficiency, and high rigidity.
The power semiconductor device including a base 1,
semiconductor circuits 2 which are arranged on the base
1, and a cooling fin 3 which cools each of the semicon-

ductor circuits 2, in which one or more protruding portions
1a, 1b are formed on the base 1, widths of the protruding
portions 1a, 1b in a direction parallel to the base 1 surface
being longer than a thickness of the base 1, thereby pro-
viding power semiconductor devices 100, 200, 300, 400
which have a light weight, high heat dissipation efficiency,
and high rigidity.
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Description

{Technical Field}

[0001] The present invention relates to a power sem-
iconductor device.

{Background Art}

[0002] There have been used more and more semi-
conductor devices including semiconductor circuits. In
particular, a power semiconductor device including a
power semiconductor circuit is used for controlling elec-
trical apparatus such as high output motors and gener-
ators, and for power conversion. Such a power semicon-
ductor device is, for example, an IGBT (Insulated Gate
Bipolar Transistor).
[0003] In recent years, the demand for power semicon-
ductor devices installed in power control apparatus
mounted on ships, trains, and automobiles such as elec-
trical vehicles and hybrid electrical vehicles has been in-
creased. Therefore, requests for reducing weight as au-
tomotive members as well as for increasing efficiency
and capacity as electrical appliances have been in-
creased for the power semiconductor devices. To meet
such requests, technologies for providing a lightweight
power semiconductor device have been known in Patent
Documents 1 to 4.

{Citation List}

{Patent Literature}

[0004]

{Patent Document 1}
Japanese Patent Application Publication No.
2009-026957 {Patent Document 2}
Japanese Patent Application Publication No.
H11-214612 {Patent Document 3}
Japanese Patent Application Publication No.
2010-027735 {Patent Document 4}
Japanese Patent Application Publication No.
H09-121018 {Summary of Invention}

{Technical Problem}

[0005] One way to obtain a lightweight power semicon-
ductor device is to reduce a thickness of a base (sub-
strate) constituting the power semiconductor device.
However, there is a possibility to cause a problem on the
strength of the base when the base is merely thinned.
[0006] In addition, since a temperature of the power
semiconductor device usually becomes high during op-
eration, heat dissipation is important. In particular, the
larger a current flowing through the power semiconductor
device is, the larger the amount of heat is generated.
Therefore, in the semiconductor with a large current flow-

ing therein, it is particularly important to efficiently dis-
charge the generated heat to the outside.
[0007] As a base material, a metal material is usually
used. The metal is expanded in some cases by the heat
generated from the semiconductor device. Therefore,
connection portions such as a solder to fix the base to
individual members may crack by fatigue through ex-
panding and shrinking of the base. As a consequence,
the connection portions of the semiconductor device may
easily be damaged, and it is difficult to use the semicon-
ductor device for a long period of time in some cases.
This means that a lifetime of the power semiconductor
device becomes short.
[0008] The present invention is devised in view of the
above problems. A purpose of the present invention is
to provide a power semiconductor device which has a
light weight, a high heat dissipation efficiency, and a high
rigidity.

{Solution to Problem}

[0009] As a result of intensive studies to solve the
above problems, the inventors found that the above prob-
lems can be solved by forming protruding portions on the
base, and have completed the present invention.

{Advantageous Effects of Invention}

[0010] According to the present invention, a power
semiconductor device which has a light weight, high heat
dissipation efficiency, and high rigidity can be provided.

{Brief Description of Drawings}

[0011]

FIG. 1 is a cross-sectional view of a power semicon-
ductor device 100 according to a first embodiment
of the present invention.
FIG. 2A is a cross-sectional view of only a base 1 of
the power semiconductor device 100.
FIG. 2B is a perspective view of only the base 1 of
the power semiconductor device 100.
FIG. 3A is a perspective view showing a model mem-
ber 150 for evaluating a thermal resistance and a
lifetime of the power semiconductor device 100.
FIG. 3B is a cross-sectional view taken along a line
A-A in FIG. 3A.
FIG. 4 is a graph showing a relationship between
thickness of the base and thermal resistance ratio.
FIG. 5 is a view showing a state of a warpage of the
model member 150 when heated.
FIG. 6 is a graph showing a relationship between
thickness of the base and lifetime ratio.
FIG. 7A is a view showing a model member 160 for
evaluating a warpage amount of the base.
FIG. 7B is a view showing a model member 161 for
evaluating a warpage amount of the base.
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FIG. 8 is a graph showing a relationship between
thickness of the base and warpage amount ratio.
FIGS. 9A, 9B, 9C, and 9D are views showing a pro-
duction method of the power semiconductor device
100.
FIG. 10 is a cross-sectional view of a power semi-
conductor device 200 according to a second embod-
iment of the present invention.
FIG. 11 is a cross-sectional view of a power semi-
conductor device 300 according to a third embodi-
ment of the present invention.
FIG. 12 is a cross-sectional view of a power semi-
conductor device 400 according to a fourth embod-
iment of the present invention.

{Description of Embodiments}

[0012] Embodiments to perform the present invention
will be explained hereinafter with appropriate reference
to the accompanying drawings.

[First Embodiment]

<Configuration>

[0013] As shown in FIG. 1, a power semiconductor de-
vice 100 according to a first embodiment is provided with
a base 1, semiconductor circuits 2 which are arranged
on the base 1, and a cooling fin 3 which cools the sem-
iconductor circuits 2. The base 1 has an edge portion 1a
surrounding a periphery thereof, a protruding portion 1b
which is formed by bridging the edge portion 1a inside a
space formed by being surrounded with the edge portion
1a, and a bottom portion 1c on which the protruding por-
tion 1b is formed. The edge portion 1a is one form of the
"protruding portions" defined in claims. Therefore, in the
present embodiment, there are two or more "protruding
portions" defined in claims. Details of the edge portion
1a, the protruding portion 1b, and the bottom portion 1c
will be described later with reference to FIG. 2A.
[0014] As shown in FIG. 1, the power semiconductor
device 100 according to the first embodiment is further
provided with a cooling jacket 4, a seal member 5, a block
6, electrodes 7, and wirings 2f. A silicone gel 9 is filled in
the base 1, and thus the semiconductor circuits 2 are
sealed. In addition, a refrigerant (not shown) flows
through a space which is formed between the base 1 and
the cooling jacket 4.
[0015]  The base 1 is a member made of aluminum.
Plating with nickel or the like is applied to a surface of
the base 1, although not shown. In this manner, it is pos-
sible to improve a corrosion resistance as well as con-
nectivity (fixing strength) of the semiconductor circuit 2
described later.
[0016] The base 1 has the edge portion 1a, the pro-
truding portion 1b, and the bottom portion 1c, as shown
in the above FIGS. 1 and 2. The edge portion 1a and the
protruding portion 1b have respective predetermined

heights and widths independently. This means that the
power semiconductor device 100 is formed with the edge
portion 1a and the protruding portion 1b on an upper sur-
face 1A of the bottom portion 1c. Here, the term "height"
is a length in a direction perpendicular to the bottom por-
tion 1c of the base 1. And, the term "width" is a length in
a direction parallel to the bottom portion 1c of the base 1.
[0017] Hereinafter, relationships among the base 1,
the protruding portion 1b, and pin fins 3a which constitute
the cooling fin 3 in the power semiconductor device 100
will be explained.
[0018] First, a relationship between the base 1 and the
protruding portion 1b is explained. As shown in FIG. 2A,
a width of the protruding portion 1b is denoted by "W". A
thickness of the bottom portion 1c of the base 1 is denoted
by "T". In addition, a distance between adjacent pin fins
3a (junctions of the pin fins 3a with the base 1 are starting
points) is denoted by "L".
[0019] When the width "W" and the thickness "T" are
denoted as described above, the width "W" is longer than
the thickness "T". In this manner, since the power sem-
iconductor device 100 has the protruding portion 1b on
the surface of the base 1 (specifically the bottom portion
1c) and the above relationship is satisfied, the rigidity of
the base 1 can be increased while a thickness of the
bottom portion 1c of the base 1 is reduced. Furthermore,
a weight of the power semiconductor device 100 can be
decreased because the thickness of the bottom portion
1c is reduced.
[0020] The base of a conventional power semiconduc-
tor device which has a cooling mechanism cooled by the
refrigerant or the like is usually made of a copper. It is
because there is a problem that when aluminum or the
like is used for the base, a thermal resistance of the base
is increased and the semiconductor circuit becomes dif-
ficult to be cooled. In other words, it is because heat trans-
fer from the semiconductor circuit to the cooling unit (such
as cooling fin) is difficult to be performed and thus the
heat dissipation efficiency is decreased.
[0021] For example if aluminum is used, a thermal ex-
pansion of the base itself is increased because a coeffi-
cient of thermal expansion of aluminum is large. There-
fore, the base may be deformed by the thermal expan-
sion. As a result, there is a problem that a lifetime of a
solder provided on the base is shortened.
[0022] However, in the power semiconductor device
100 according to the present embodiment, aluminum is
used as a material which constitutes the base 1. There
is the problem described above, if aluminum is simply
used as the material of the base 1. Therefore, the power
semiconductor device 100 is provided with the protruding
portion 1b. By setting as described above the relationship
between the width "W" of the protruding portion 1b and
the thickness "T" of the bottom portion 1c of the base 1,
it is possible to form the base 1 having a thickness which
is not conventionally achieved with copper. Therefore,
the thickness of the base 1 can be reduced, thereby sup-
pressing an increase of a thermal resistance to the cool-

3 4 



EP 2 600 399 A2

4

5

10

15

20

25

30

35

40

45

50

55

ing fin 3 from the semiconductor circuit 2. As a conse-
quence, the high heat dissipation efficiency can be main-
tained even if aluminum is used as the material of the
base 1.
[0023] In addition, the high rigidity of the power semi-
conductor device 100 can be maintained even if the thick-
ness of the base 1 is reduced. Furthermore, the weight
of the power semiconductor device 100 can be reduced
because the thickness of the base 1 is reduced. In addi-
tion, since the thickness of the base 1 is reduced, an
amount of the thermal expansion of the base 1 can be
decreased, thereby suppressing a warpage of the base
1 caused by an ununiformity of the temperature. As a
result, the junction portion by the solder can be prevented
from being deteriorated, as well as the refrigerant can be
prevented from leaking.
[0024] There is no particular limitation to a specific nu-
merical range of the width "W" and the thickness "T". For
example, when a length of the base 1 in a lateral direction
on the sheet of FIG. 2A is 150 millimeters and a length
(depth) of the base 1 in a perpendicular direction to the
sheet of FIG. 2A is 60 millimeters, the width "W" can be
more than 2 millimeters and not more than 10 millimeters
and the thickness "T" can be less than or equal to 2 mil-
limeters. In addition, as a length of the other portions, for
example, a height (including the thickness of the bottom
portion 1c) of the edge portion 1a can be 15 millimeters.
[0025]  Next, the relationship between the protruding
portion 1b and the pin fin 3a is explained. In the power
semiconductor device 100 according to the present em-
bodiment, a shortest distance "L" among distances be-
tween adjacent pin fins 3a is shorter than the width "W"
of the protruding portion 1b. The reason why the power
semiconductor device 100 is configured in this manner
will be explained.
[0026] In the power semiconductor device 100 accord-
ing to the present embodiment, the width "W" and the
shortest distance "L" satisfy the above relationship. By
satisfying such a relationship, the distances between ad-
jacent pin fins 3a can be made short. As a result, it is
possible to make a sufficient contact area between the
pin fins 3a and the refrigerant, thereby sufficiently cooling
the semiconductor circuit 2 through the pin fins 3a (i.e.,
cooling fin 3).
[0027] There is no particular limitation to specific nu-
merical values for the cooling fin 3. For example, similar
to the above, when the length of the base 1 in the lateral
direction on the sheet of FIG. 2A is 150 millimeters and
the length (depth) of the base 1 in the perpendicular di-
rection to the sheet of FIG. 2A is 60 millimeters, the height
of the pin fins 3a can be 6 millimeters and the shortest
length "L" can be 1 millimeter. However, if the distance
between adjacent pin fins 3a is too long, the number of
the pin fins 3a is too small, and the heat dissipation effi-
ciency may be decreased. On the other hand, if the dis-
tance between pin fins 3a is too short, dust and the like
get stuck between adjacent pin fins 3a, and the heat dis-
sipation efficiency may also be decreased. For this rea-

son, the shortest distance "L" is preferably at least about
1 millimeter.
[0028] Returning to FIG. 1, an overall configuration of
the power semiconductor device 100 will be explained.
[0029] The semiconductor circuit 2 constitutes a circuit
group to function as the power semiconductor device
100. More specifically, the semiconductor circuit 2 in-
cludes IGBT elements 2a, diode elements 2b, solders 2c
under the elements, substrate top surface conductive lay-
ers 2d, and insulating substrates 2e. The semiconductor
circuits 2 are electrically connected to the electrodes 7
through the wirings 2f. The IGBT elements 2a and the
diode elements 2b are electrically connected with each
other through the wirings 2f. And, the diode elements 2b
are also electrically connected to the substrate top sur-
face conductive layers 2d through the wirings 2f.
[0030] The semiconductor circuit 2 is located between
the edge portion 1a and the protruding portion 1b, and
secured to the upper surface (circuit connection surface)
1A of the bottom portion 1c of the base 1. In this case,
the semiconductor circuit 2 is secured to the upper sur-
face 1A (i.e., base 1) through a substrate bottom surface
conductive layer 10 and a under substrate solder 11.
[0031] In order to efficiently discharge heat generated
by the IGBT elements 2a to the outside (specifically to
the refrigerant), the insulating substrates 2e having an
excellent thermal conductivity are used. More specifical-
ly, as materials of which the insulating substrates 2e is
made, for example, ceramics such as silicon nitride, alu-
minum nitride, and alumina are used. By the insulating
substrates 2e made of such materials, heat from the IGBT
elements 2a can be efficiently discharged to the outside
of the semiconductor circuit 2.
[0032] The heat from the semiconductor circuits 2 is
transferred through the substrate bottom surface con-
ductive layer 10, the under substrate solder 11, the base
1, and the cooling fin 3, in this order, to the refrigerant
which is in contact with the cooling fin 3. Therefore, the
cooling fin 3 is a member which cools the semiconductor
circuit 2.
[0033] In the power semiconductor device 100, the IG-
BT element 2a is used for a switching use, and the diode
element 2b is used for a rectifying use.
[0034] In the power semiconductor device 100, a size
of each member constituting the semiconductor device
100 is as follows. That is, the insulating substrate 2e has
a length of 50 millimeters in the lateral direction on the
sheet of FIG. 1, a length of 30 millimeters in the perpen-
dicular direction to the sheet of FIG. 1, and a thickness
of 0.3 millimeters. Lengths of the substrate top surface
conductive layer 2d and the substrate bottom surface
conductive layer 10 are all the same, and the length in
the lateral direction on the sheet of FIG. 1 is 48 millime-
ters, the length in the perpendicular direction to the sheet
of FIG. 1 is 28 millimeters, and the thickness is 0.5 mil-
limeters. Here, the substrate top surface conductive lay-
ers 2d are shown as separate members in FIG. 1, but
the above lengths are lengths when they are considered

5 6 



EP 2 600 399 A2

5

5

10

15

20

25

30

35

40

45

50

55

as an integral product. That is, a length from the left end
of the substrate top surface conductive layer 2d to the
right end of the substrate top surface conductive layer
2d in FIG. 1 is 48 millimeters.
[0035] The length of the IGBT element 2a in the lateral
direction on the sheet of FIG. 1 is 10 millimeters, and the
length of the diode element 2b in the lateral direction on
the sheet of FIG. 1 is 6 millimeters. In these two elements,
the length in the perpendicular direction to the sheet of
FIG. 1 and the thickness are common to the both ele-
ments, and the length in the perpendicular direction to
the sheet of FIG. 1 is 10 millimeters and the thickness is
0.1 millimeter.
[0036] As described above, the length of the insulating
substrate 2e in the lateral direction on the sheet of FIG.
1 is longer than the lengths of the substrate top surface
conductive layer 2d and the substrate bottom surface
conductive layer 10 in the lateral direction on the sheet
of FIG. 1. Therefore, even if side surfaces of the semi-
conductor circuit 2 are brought into contact with the edge
portion 1a or the protruding portion 1b, the insulating sub-
strate 2e is adapted to be in contact with the edge portion
1a or the protruding portion 1b. As a consequence, elec-
trical insulation between the base 1 and the semiconduc-
tor circuit 2 can be maintained.
[0037] The cooling fin 3 is, as shown in FIG. 1, formed
on one side of the base 1 opposite to a surface on which
the semiconductor circuit 2 is arranged. In the present
embodiment, the cooling fin 3 is formed integrally with
the base 1. They may be formed separately to be sub-
sequently joined together, but detailed information on this
point will be described later.
[0038] As described above, the cooling fin 3 is consti-
tuted by a plurality of pin fins 3a. As a material of which
the cooling fin 3 is made, the same material with base 1
is used. This means that the material constituting the
cooling fin 3 in the present invention is aluminum. As
described above, the refrigerant flows through the space
which is formed between the base 1 and the cooling jack-
et 4 (described later), and the refrigerant and the cooling
fin 3 are in contact with each other. In this manner, the
heat is transferred to the refrigerant from the cooling fin
3, and the semiconductor circuit 2 is cooled.
[0039] As described above, the base 1 and the cooling
fin 3 are made of aluminum. Aluminum is excellent in
moldability and workability as compared to copper.
Therefore, by constituting the base 1 and the cooling fin
3 by aluminum, they can be integrally formed as in the
present embodiment. By the fact that they can be formed
integrally, it can be realized that the manufacturing proc-
ess is simplified and the manufacturing cost is reduced.
Such an integral forming can be carried out by forging,
for example.
[0040] A portion of the base 1 is forged to form only
the cooling fin 3 at first, and the base 1 portion may be
cut out by machining. By taking such a method, since
only the surface of the cooling fin 3 side is necessary to
be formed by forging, there is an advantage that the forg-

ing is easy. Of course, the base 1 and the cooling fin 3
may be joined by brazing together after forged separate-
ly. In this manner, since the surface of the cooling fin 3
is not required to be formed during forging the base 1,
there is an advantage that the forging is easy.
[0041] The cooling jacket 4 is secured to the base 1
by fastening bolts not shown. The refrigerant such as
water flows through a space which is formed by the cool-
ing jacket 4 and the base 1. In addition, a seal member
5 such as an O-ring is provided between connection sur-
faces of the base 1 and the cooling jacket 4. As a con-
sequence, a leakage of the refrigerant is prevented.
[0042] A block 6 is configured to electrically insulate
the base 1 from an electrode 7 described later. In other
words, the block 6 is an insulating member disposed be-
tween the base 1 and the electrode 7. As a material of
which such a block 6 is made, a member including a resin
is used in the present embodiment. As specific examples
of the resin, a PBT (PolyButylene Terephthalate), a PPS
(PolyPhenylene Sulfide) and the like are listed.
[0043] The electrodes 7 are connection terminals
which are connected to the semiconductor circuits 2
through wirings (electrical signal lines) 2f, and are con-
nected to an external device not shown.
[0044] The silicone gel 9 is filled in a space which is
formed by being surrounded with the edge portion 1a of
the base 1. As shown in FIG. 1, a height of the edge
portion 1a is higher than that of the silicone gel 9. There-
fore, a leakage of the silicone gel 9 is prevented. On the
other hand, the height of the silicone gel 9 is higher than
that of the semiconductor circuit 2. Therefore, the semi-
conductor circuit 2 is encapsulated by the silicone gel 9.
In this manner, the semiconductor circuit 2 is protected
from an external atmosphere such as moisture and dust.
In addition, although not shown, a cover member made
of the resin is arranged so as to cover the entire upper
surface of the silicone gel 9. By the cover member, an
inside of the power semiconductor device 100 is protect-
ed from the external atmosphere.

<Effect>

[0045] While the power semiconductor device 100 is
in operation, the IGBT element 2a and the diode element
2b generate especially a large amount of Joule heat. In
order to cool the power semiconductor device 100, it is
important to transmit the Joule heat generated from the
IGBT element 2a and the diode element 2b to the lower
surface of the base 1 with as small a loss as possible,
and to dissipate the heat to the refrigerant. Taking this
heat dissipation into account, the thickness of the bottom
portion 1c of the base 1 in the power semiconductor de-
vice 100 is thinner than the thickness (height) of the edge
portion 1a. For this reason, the power semiconductor de-
vice 100 has a small loss of heat conduction and high
heat dissipation efficiency.
[0046] Reducing the thickness of the bottom portion
1c smaller than the edge portion 1a and the protruding
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portion 1b leads to suppression of reducing a fatigue life
of the under substrate solder 11 which secures the sem-
iconductor circuit 2. The temperature of power semicon-
ductor device 100 becomes high during operation as de-
scribed above. Therefore, a large thermal stress is ap-
plied to members from each other members having dif-
ferent coefficient of thermal expansion. For example, the
coefficient of thermal expansion of the insulating sub-
strate 2d is about 2.5 ppm/K if it is made of silicon nitride,
and is about 7.1 ppm/K if it is made of alumina. On the
other hand, the coefficient of thermal expansion of the
base 1 is about 24.0 ppm/K if it is made of aluminum. In
this manner, the coefficient of thermal expansion of the
insulating substrate 2d and that of the base 1 are very
different from each other.
[0047] Therefore, if temperature change is repeated
by turning on/off of the power semiconductor device 100,
the under substrate solder 11 which is a member con-
necting the insulating substrate 2d and the base 1 with
each other, may be cracked by the thermal fatigue.
Therefore, ensuring a thermal fatigue life of the under
substrate solder 11 is a major issue. In view of this point,
the present invention has been devised. As described
above, since the thickness of the bottom portion 1c of
the base 1 is reduced in the power semiconductor device
100, the thermal expansion at a part of the base 1 to
which the under substrate solder 11 is secured is re-
duced. As a result, the reduction of fatigue lifetime of the
under substrate solder 11 can be suppressed.
[0048] In addition, the refrigerant flows through on a
lower portion (a side to which the cooling jacket 4 is se-
cured) of the base 1. Therefore, a pressure of the refrig-
erant is applied to the lower portion of the base 1. If the
warpage deformation of the base 1 is increased by the
pressure, the refrigerant flowing through on the lower por-
tion of the base 1 may be leaked to the outside. Therefore,
it is also an important issue to maintain a high rigidity of
the base 1 while the thickness of the base 1 is reduced.
In view of this point, the base 1 is formed with the pro-
truding portion 1b. In this manner, the rigidity of the entire
base 1 can be increased while the thickness of the bottom
portion of the bases 1 is reduced. In addition, the high
rigidity of the base 1 is further increased by the edge
portion 1a.
[0049]  The power semiconductor device 100 has the
protruding portion 1b formed near a center of the base 1
(see FIGS. 1 and 2). Therefore, two regions formed be-
tween the protruding portion 1b and the two opposed
edge portions 1a have substantially the same area. As
a consequence, the two semiconductor circuits 2 can be
respectively secured to the two regions by setting the
semiconductor circuit 2 to about the size of the area.
[0050] In other words, the semiconductor circuits 2 can
be respectively fitted into the regions (concaves) which
are formed by the edge portion 1a and the protruding
portion 1b, during production of the power semiconductor
device 100. In this manner, it is not necessary to perform
a complicated positioning of the semiconductor circuit 2.

As a result, there is no need to prepare and set jigs and
tools for positioning separately at the time of soldering,
thereby reducing the production cost and the production
time.
[0051] Effects described above will be explained in
more detail with reference to FIGS. 3 to 8.
[0052] A model member 150 as shown in FIG. 3A is
prepared in order to confirm the effects by the power
semiconductor circuit 100. A cross-sectional view taken
along a line A-A in FIG. 3A is shown in FIG. 3B. The
model member 150 includes substrates 20 for elements,
under element solders 21, a substrate top surface con-
ductive layer 22, an insulating substrate 23, a substrate
bottom surface conductive layer 24, an under substrate
solder 25, and a base 26.
[0053] Here, the substrate 20 for elements corre-
sponds to the IGBT element 2a and the diode element
2b shown in FIG. 1. In a similar way, the under element
solder 21 corresponds to the solder 2c under the ele-
ments, the substrate top surface conductive layer 22 cor-
responds to the substrate top surface conductive layer
2d, the insulating substrate 23 corresponds to the insu-
lating substrate 2e, the substrate bottom surface conduc-
tive layer 24 corresponds to the substrate bottom surface
conductive layer 10, the under substrate solder 25 cor-
responds to the under substrate solder 11, and the base
26 corresponds to the bottom portion 1c of the base 1,
respectively shown in FIG. 1.
[0054] The effect of reducing the thermal resistance of
the power semiconductor device 100 has been evaluated
by using the model member 150. The result is shown in
FIG. 4. The horizontal axis of FIG. 4 stands for a thickness
of the base 26 (vertical thickness in FIG. 3B). The vertical
axis stands for a normalized value (thermal resistance
ratio) when assuming the thermal resistance as 1 (plot
R0) in the case where copper base (conventional base)
with 3 millimeters thickness is used.
[0055] Measurement of the thermal resistance of the
model member 150 has been carried out by performing
a heat transfer analysis under a condition that an upper
surface of the substrate 20 for the elements is kept at
150 °C and the heat is dissipated from a lower surface
of the base 26. In other words, the thermal resistance
between the substrate 20 for the elements and the lower
surface of the base 26 has been measured. The thermal
conductivity of aluminum is about 240 W/mK. And the
thermal conductivity of copper is about 390W/mK. Ac-
cordingly, the thermal conductivity of copper is 1.6 times
as large as compared to the thermal conductivity of alu-
minum.
[0056] As shown in FIG.4, the thermal resistance was
increased by 11 % (plot R1) when aluminum base 26 with
3 millimeters thickness same as the copper base was
used. However, the thermal resistance was decreased
by reducing the thickness of the base 26. More specifi-
cally, the thermal resistance was decreased by 4 % (plot
R2) compared to the copper base with 3 millimeters thick-
ness when the thickness of the base 26 is reduced to 2
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millimeters. The thermal resistance was decreased by
21 % (plot R3) compared to the copper base with 3 mil-
limeters thickness when the thickness of the base 26 is
reduced to 1 millimeter. Incidentally, the thermal resist-
ance was same as that of the copper base when the
thickness of the base 26 is 2.3 millimeters. As described
above, the base 26 can have an excellent thermal resist-
ance value by reducing the thickness compared to the
conventional copper base. In this manner, the power
semiconductor device according to the present invention
can have excellent heat dissipation efficiency while the
weight thereof is reduced compared with the convention-
al power semiconductor device.
[0057] Next, the lifetime of the solders (corresponding
to the under substrate solders 11, 25) which secure the
semiconductor circuit 2 to the base 1 were evaluated.
FIG. 5 shows a deformed shape of the model member
150 at -40 °C with an amount of deformation enlarged
by ten times larger than the actual deformation when the
temperature of the entire model member 150 was
changed from 125 °C to -40 °C. The amount of deforma-
tion was calculated by the thermal stress analysis using
the finite element method over the temperature range of
125 °C to -40 °C.
[0058] The power semiconductor device 100 shown in
FIG. 1 becomes in high temperature during operation.
For this reason, the power semiconductor device 100 is
also deformed in the same manner as the model member
150 shown in FIG. 5. Therefore, it is important to prevent
the reduction of the fatigue life of the solder which secures
the semiconductor circuit 2 to the base 1, as described
above. FIG. 6 shows a relationship between the thick-
ness of the base 26 and the fatigue life of the under sub-
strate solder 25.
[0059] FIG. 6 shows normalized values (lifetime ratio)
when assuming the lifetime of the solder as 1 in the case
where the thickness of the base is 3 millimeters. The
lifetime is converted from plastic strain of the under sub-
strate solder 25 which is obtained from the results of the
thermal stress analysis in FIG. 5. Here, the base is made
of aluminum.
[0060] As shown in FIG. 6, the lifetime of the under
substrate solder 25 has become longer by 18 % when
the thickness of the base 26 is 2 millimeters as compared
with the case of 3 millimeters. In addition, the lifetime of
the under substrate solder 25 has become longer by 61
% when the thickness of the base 26 is 1 millimeter as
compared with the case of 3 millimeters. In this manner,
the lifetime of the solder is made longer by reducing the
thickness of the base 26.
[0061] Next, the effect of preventing the leakage of the
refrigerant, which flows through between the base 1 and
the cooling jacket 4 in the power semiconductor device
100, has been evaluated. FIG. 7A shows a model mem-
ber 160 formed with a protruding portion 28 on edges of
the base 27, i.e., a model member 160 provided with a
protruding portion 28 in the vicinity of four edges of a
rectangular plate. FIG. 7B shows a model member 161

formed without a protruding portion. In any of the model
member 160 and the model member 161, bolt bores 29
through which the cooling fin is secured, are also shown.
[0062] As described above, by reducing the thickness
of the base, the increase of the thermal resistance can
be suppressed, and thus the reduction of the lifetime of
the solder can be suppressed, even if the aluminum base
is used. However, if a base 30 is configured without a
protruding portion such as the model member 161 shown
in FIG. 7B, the rigidity of the base 30 is reduced when
the thickness thereof is simply reduced. It is particularly
important to ensure the sufficient rigidity of the base 1 in
the power semiconductor device 100, since the pressure
of the refrigerant is applied to the lower surface of the
base 1, as described above. Therefore, by providing the
protruding portions 1b and 28 as shown in FIGS. 1 and
7A, the warpage of the bases 1, 27 by the refrigerant
pressure can be suppressed, and thus the leakage of the
refrigerant can be prevented.
[0063] FIG. 8 is a graph showing the maximum warp-
age amount at the edge portion 28 of the base 27, com-
pared with a result of the model member 161 using the
conventional copper base with 3 millimeters thickness.
The maximum warpage amount was calculated by car-
rying out the finite element analysis when water pressure
is applied to the lower surface of the base 27, 30 of the
model member 160, 161 shown in FIGS. 7A, 7B. The
vertical axis stands for normalized value (warpage
amount ratio) when assuming the warpage amount of
the copper base as 1 in the case where the thickness
thereof is 3 millimeters. In FIG. 8, the result of the model
member 161 using the conventional copper base with 3
millimeters thickness is also shown (plot W0).
[0064] In addition, as for the structure (model member
160 made of aluminum) shown in FIG. 7A, the warpage
amount ratio (1.1) when the thickness of the base 27 is
2 millimeters and the thickness of the protruding portion
28 is 4 millimeters is indicated by a one-dot chain line A.
Similarly, the warpage amount ratio (0.67) when the
thickness of the base 27 is 2 millimeters and the thickness
of the protruding portion 28 is 5 millimeters is indicated
by a one-dot chain line B.
[0065] As shown in FIG. 8, when the aluminum base
with 3 millimeters thickness without the protruding portion
(model member 161 made of aluminum) was used, the
warpage amount ratio was increased by 1.8 times (plot
W1) compared with the case of using the copper base.
When the aluminum base with 2 millimeters thickness
without the protruding portion (model member 161 made
of aluminum) was used, the warpage amount ratio was
increased by 4.2 times (plot W2) compared with the case
of using the copper base. As described above, it is obvi-
ously understood that the warpage amount is quite large
when the conventional copper base is simply changed
to the aluminum base.
[0066] On the other hand, when the model member
160 made of aluminum with the protruding portion 28 of
4 millimeters thickness and with the base 27 of 2 millim-
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eters thickness is used (one-dot chain line A), the in-
crease of the warpage amount ratio was suppressed to
10 %. In other words, the warpage amount was not ex-
cessively increased even if the aluminum base with 2
millimeters thickness was used instead of the conven-
tional copper base with 3 millimeters thickness. Further-
more, when the thickness of the protruding portion 28
was set to 5 millimeters, the warpage amount was de-
creased by 33 %. This means that the warpage amount
can be maintained to the same extent as the conventional
base, or can be significantly decreased compared to the
conventional base, while the thickness of the base can
be reduced compared to the conventional copper base
by forming the protruding portion 28 on the base.

<Production Method>

[0067] Next, a production method of the power semi-
conductor device 100 shown in FIG. 1 will be explained
with reference to FIG. 9.
[0068] First, the base 1 including the cooling fin 3 is
manufactured by forging or other methods, as described
above. Then, the blocks 6 made of the resin are fitted
into the edge portion 1a of the manufactured base 1 to
be in close contact with inner walls of the base 1 (FIG.
9A). Securing the blocks 6 to the edge portions 1a is
performed by bolts, adhesives and the like. In addition,
the electrode 7 is embedded into the block 6 to be secured
to the block 6 when the block 6 is molded.
[0069] Next, members into which the semiconductor
circuit 2 and the substrate bottom surface conductive lay-
er 10 are formed together are respectively secured to the
bottom surface 1A of the base 1 through the under sub-
strate solder 11 (FIG. 9B). The securing method is per-
formed as follows. The under substrate solder 11 is
mounted on the bottom surface 1A of the base 1, and
then the members into which the semiconductor circuit
2 and the substrate bottom surface conductive layer 10
are formed together are respectively mounted on the sol-
der 11. Then, by heating the whole members in a high
temperature furnace, the semiconductor circuit 2 and the
substrate bottom surface conductive layer 10 are se-
cured (connected) to the base 1 by the under substrate
solder 11.
[0070] The under substrate solder 11 melts when it is
heated in the high temperature furnace. However, the
molten solder does not leak to the outside of the base 1
because the edge portion 1a has the base 1. As de-
scribed above, the positioning of the semiconductor cir-
cuit 2 is not required during installation, since the place-
ment of the semiconductor circuit 2 is predetermined by
the edge portion 1a and the protruding portion 1b. There-
fore, the separate jigs and tools for the positioning are
not required.
[0071] Each of the semiconductor circuits 2 is secured
to the base 1 by the under substrate solder 11, and then
the semiconductor circuit 2 and the electrode 7 are elec-
trically connected with each other by the wiring 2f (see

FIG. 9C).
[0072] Next, the silicone gel 9 is injected into the space
enclosed by the edge portion 1a (FIG. 9C). In this man-
ner, the semiconductor circuit 2 is sealed by the silicone
gel 9. Similar to the above under substrate solder 11,
there is no possibility that the silicone gel 9 leaks to the
outside of the base 1 because the base 1 has the edge
portion 1a. Thereafter, although not shown, a cover mem-
ber made of the resin is attached so as to cover the upper
surface of the silicone gel 9.
[0073] Then, the seal member 5 is interposed between
the base 1 and the cooling jacket 4, and in this state the
cooling jacket 4 is secured by the bolts (not shown) to
the base 1 (FIG. 9D). Finally, the power semiconductor
device 100 is manufactured by having the refrigerant flow
thorough the space formed between the base 1 and the
cooling jacket 4.
[0074] It should be noted that the production method
of the power semiconductor device 100 is not limited to
the above description. Therefore, the power semicon-
ductor device 100 can be manufactured by the methods
suitably changed.

[Second Embodiment]

[0075] A power semiconductor device 200 according
to a second embodiment will be explained with reference
to FIG. 10. The same members as those of the power
semiconductor device 100 shown in FIG. 1 are denoted
by the same reference signs, and the detailed explana-
tion thereof will be omitted.
[0076] In the power semiconductor device 200, the
height of the protruding portion 1b in the power semicon-
ductor device 100 is about the same as the height of the
edge portion 1a. In other words, the power semiconduc-
tor device 100 has one space which is formed by being
surrounded with the edge portion 1a only. However, the
power semiconductor device 200 has two spaces which
are formed by partitioning with the protruding portion 1b
the space which is formed by being surrounded with the
edge portion 1a.
[0077] By forming the protruding portion 1b in this man-
ner, both of the heights of the edge portion 1a and the
protruding portion 1b can be higher than the height of the
silicone gel 9. The power semiconductor device 200 can
be also manufactured similarly to the power semiconduc-
tor device 100 by configuring the power semiconductor
device 200 in this manner.
[0078] In addition, the block 6 and the electrode 7 are
newly provided adjacent to the protruding portion 1b.
Therefore, the number of the electrodes 7 can be in-
creased as compared with the power semiconductor de-
vice 100.

[Third Embodiment]

[0079] A power semiconductor device 300 according
to a third embodiment will be explained with reference to
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FIG. 11. The same members as those of the power sem-
iconductor device 100 shown in FIG. 1 are denoted by
the same reference signs, and the detailed explanation
thereof will be omitted.
[0080]  In the power semiconductor device 300, the
shape of the cooling fin 3 is different from the shape of
the cooling fin 3 of the power semiconductor device 100.
In other words, the cooling fin 3 in the power semicon-
ductor device 300 is constituted by rectangular
(plate-like) fins 3b having gaps 3c. By configuring the
cooling fin 3 in this manner, the refrigerant can also flow
through the gaps 3c. Therefore, the contact area of the
refrigerant for the rectangular fins 3b becomes large, and
thus the heat dissipation efficiency by the cooling fin 3
can be further improved.

[Fourth Embodiment]

[0081] A power semiconductor device 400 according
to a fourth embodiment will be explained with reference
to FIG. 12. The same members as those of the power
semiconductor device 100 shown in FIG. 1 are denoted
by the same reference signs, and the detailed explana-
tion thereof will be omitted.
[0082] In the power semiconductor device 400, the
substrate bottom surface conductive layer 10 and the
under substrate solder 11 provided on the power semi-
conductor device 100 are removed. In other words, the
insulating substrate 2e is directly secured to the bottom
surface 1A without solder.
[0083] Securing the insulating substrate 2e to the base
1 is carried out by the molten metal bonding method.
More specifically, the base 1 is formed by forging, and
by contacting the insulating substrate 2e with the base 1
in the middle of cooling (before aluminum is completely
solidified) after forging, the insulating substrate 2e can
be secured to the base 1. At this time, an alloy layer is
formed at the interface between the base 1 and the in-
sulating substrate 2e, so that the insulating substrate 2e
is directly secured to the base 1.
[0084] With this configuration, the substrate bottom
surface conductive layer 10 and the under substrate sol-
der 11 are not required to be provided. For this reason,
the heat of the semiconductor circuit 2 can be efficiently
transferred to the cooling fin 3 because the thermal re-
sistance is smaller than that of the power semiconductor
device 100. In addition, there is an advantage that the
above fatigue of the solder is not a problem because the
under substrate solder 11 is not provided.

[Modification Example]

[0085] In addition to the four embodiments described
above, the embodiments can be implemented with ap-
propriate modifications within a range not to impair the
spirit of the present invention.
[0086] For example, although the edge portion 1a and
the protruding portion 1b are provided in each of the

above embodiments, only the protruding portion 1b can
be provided without the edge portion 1a. Furthermore,
only the edge portion 1a can be provided without the
protruding portion 1b. In this case, the edge portion 1a
corresponds to the "protruding portion" specified in
claims.
[0087] The location of the protruding portion 1b is not
particularly limited, and may be anywhere. However, it
is preferable to provide the protruding portion so as to
bridge the opposing edges of the base in view of maxi-
mizing the effect of the present invention. In the case of
the rectangular base, for example, the protruding portion
can be provided so as to bridge the opposing corners
among four corners.
[0088] The height of the protruding portion 1b can be
higher than the height of the edge portion 1a. The number
of the protruding portion 1b is not limited to one, and may
be plural. With the above configurations, the effect of the
present invention can be also achieved.
[0089] The material constituting the base 1 is not lim-
ited to single aluminum, and may be any material con-
taining aluminum such as aluminum alloy, insulator coat-
ed with aluminum, and the like.
[0090]  The configuration of the cooling fin 3 is not lim-
ited to the above embodiments, and the cooling fin 3 may
be in any shape as long as the heat dissipation is effi-
ciently carried out.
[0091] When pin fins are used as the cooling fin 3 (for
example, First Embodiment), the arrangement of the pin
fins 3a is not particularly limited. Taking into account the
suitable shortest distance "L", the pin fins 3a may be ap-
propriately designed and arranged.
[0092] The configuration of the semiconductor circuit
2 is not limited to the above embodiments, and any sem-
iconductor circuit may be similarly applied. Also, the
number of the electrodes 7 may be arbitrarily set.
[0093] The kind of the seal member 5 is not limited to
the O-ring, and the seal member 5 may be appropriately
changed to a packing or the like.
[0094] The gel which seals the semiconductor circuit
2 is not limited to the silicone gel 9, and any insulating
gel may be used.

{Reference Signs List}

[0095]

1: base
1a: edge portion (protruding portion)
1b: protruding portion
1c: bottom portion
2: semiconductor circuit
2a: IGBT element
2b: diode element
2c: under element solder
2d: substrate top surface conductive layer
2e: insulating substrate
2f: wiring (electrical signal line)
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3: cooling fin
3a: pin fin
4: cooling jacket
5: seal member
6: block (insulating member)
7: electrode (connection terminal)
9: silicone gel (gel)
10: substrate bottom surface conductive layer
11: under substrate solder
100: power semiconductor device
200: power semiconductor device
300: power semiconductor device
400: power semiconductor device

Claims

1. A power semiconductor device, comprising
a base, semiconductor circuits which are arranged
on the base, and a cooling fin which cools the sem-
iconductor circuit, wherein
one or more protruding portions are formed on the
base, and
a width of the protruding portion in a direction parallel
to the base surface is longer than a thickness of the
base.

2. The power semiconductor device as set forth in claim
1, wherein
the cooling fin consists of a plurality of adjacent pin
fins, and
a shortest distance between the plurality of adj acent
pin fins constituting the cooling fin is shorter than the
width of the protruding portion.

3. The power semiconductor device as set forth in claim
1 or 2, wherein a thickness of a bottom portion of the
base is less than or equal to 2 millimeters.

4. The power semiconductor device as set forth in any
one of claims 1 to 3, wherein the cooling fin is ar-
ranged on one side of the base opposite to a surface
on which the semiconductor circuit is arranged.

5. The power semiconductor device as set forth in any
one of claims 1 to 4, wherein
the protruding portion is disposed to form at least
one space, and
the space is filled with a gel.

6. The power semiconductor device as set forth in claim
5, wherein a height of the protruding portion is higher
than that of the gel.

7. The power semiconductor device as set forth in any
one of claims 1 to 6, in which
the protruding portion are formed at least two, and
the semiconductor circuit is arranged between the

two protruding portions.

8. The power semiconductor device as set forth in any
one of claims 1 to 7, comprising
connection terminals which are connected to the
semiconductor circuits through electrical signal
lines, wherein
insulating members are disposed between the pro-
truding portion and the connection terminals.

9. The power semiconductor device as set forth in claim
8, wherin the insulating member is a member includ-
ing a resin.

10. The power semiconductor device as set forth in any
one of claims 1 to 9, wherein the semiconductor cir-
cuit is secured to the base through a solder.

11. The power semiconductor device as set forth in any
one of claims 1 to 9, wherein the semiconductor cir-
cuit is directly secured to the base by forming an
alloy layer at the interface.

12. The power semiconductor device as set forth in any
one of claims 1 to 11, wherein the base is a member
including aluminum.

13. The power semiconductor device as set forth in any
one of claims 1 to 12, wherein a refrigerant is in con-
tact with the cooling fin.
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